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INTRODUCTION
Samples were collected from rhyolitic intrusive bodies, tuffs, and ash-flow tuffs in the Tertiary volcanic sequence at 18 localities in the western Horse Prairie, northern Medicine Lodge, Muddy Creek, and Sage Creek topographic/sedimentary basins and in the adjacent highlands of the Beaverhead and Tendoy Mountains in southwestern Montana (figs. 1 and 2 on plate 1 ). Single sanidine, biotite, and plagioclase crystals in the samples were analyzed using a continuous laser, 40 Ar/ 3 9 Ar dating system. Tuff units at the base of the overlying post-volcanic Tertiary sedimentary sequence of the Medicine Lodge basin area were among those dated. Our objectives were to determine the time represented by the volcanic sequence, to test the temporal correlation of this volcanic sequence with the Eocene Challis Volcanic Group of central Idaho, to check correlations of volcanic units within and between the basins, and to attempt to date the initial tu.s. Geological Survey, MS 972, P.O. Box 25046, Denver Federal Center, Denver, CO 80225 2 College of Oceanic and Atmospheric Sciences, Oceanography Administration Building I 04, Corvallis, Oregon 97331-5503 lacustrine and fluvial sedimentation in the ancestral Tertiary basin( s) in the absence of paleontologic age control. Preliminary results from 11 sample localities in the Medicine Lodge and western Horse Prairie basin were previously described by M'Gonigle and Dalrymple (1993) . This report covers a wider area in southwestern Montana than does M'Gonigle and Dalrymple (1993) and includes seven additional 4 0 Ar/39 Ar analyses as well as geologic and topographic maps of the sample localities.
SAMPLE LOCALITIES
Figures 5-13 (on plate 1) are geologic maps at a scale of 1:24,000 that show the sample localities. Sample locality 17 (figure 14 on plate 1) is shown on a 1:24,000-scale topographic map, together with a photograph of the volcanic unit that was sampled, because no geologic map at a suitable scale was available. All sample localities are also shown in a schematic time-stratigraphic section (figure 3 on plate 1). Table 1 gives a brief description of the samples, and lists the sample localities by latitude and longitude. More complete descriptions of the geology of the sites and surrounding areas may be found in the references cited in each figure. The geologic maps are arranged geographically from west to east to facilitate comparison with figures 2 and 3 (on plate 1 ).
For brevity, sample numbers 1-18 were used in the figures and text instead of the field sample numbers; the field numbers are, however, listed in tables 1 and 2. The sample numbers are arranged in order of decreasing age, based on the oldest sample from each site. That is, 1 is the oldest sample analyzed and 18 is the youngest.
GEOLOGIC SETTING
The study area is north of the Snake River Plain near the eastern border of the Cordilleran thrust belt, where it overlaps the Archean craton. 
GENERAL CHARACTER OF THE TERTIARY VOLCANIC SEQUENCE
Most of the Eocene Tertiary volcanic rocks in the study area are the same age and include similar rock types as the Challis Volcanic Group of central Idaho (M' Gonigle and Dalrymple, 1993) . We therefore consider the volcanic rocks to be part of the Challis Volcanic Group, and will so term them in this report.
A large volume of the Challis Volcanic Group rocks in the study area is composed of andesitic to basaltic lava flows, but the Challis also includes intercalated tuff-breccia and rhyolitic flows and tuff, as well as subordinate conglomerate units containing volcanic and Proterozoic quartzite clasts (Staatz, 1972 (Staatz, , 1979 M'Gonigle and others, 1986; J.W. M'Gonigle and M.H. Hait, Jr., unpub. mapping, 1991-93) . These volcanic rocks were deposited on an erosion surface formed on rocks of the Cordilleran fold and thrust terrain, and the thickness of the volcanic sequence differs from place to place.
Complete sections of the Challis volcanic sequence are present (1) (Staatz, 1979) and as much as 1,300 m are present on the northeast flank of the Maiden Peak spur (J.W. M'Gonigle and M.H. Hait, Jr., unpub. mapping, 1991-93) . The sequence thins southward in both the Horse Prairie and Medicine Lodge basins and it is very thin or absent across the southern part of the Maiden Peak spur and adjacent areas to the east and west, but it is present further south ( fig. 2 on plate 1 ) . The thinning or absence may reflect either nondeposition across a local basement high during volcanism, or subsequent uplift and erosion of the volcanic cover before deposition of the Tertiary basin sediments (M'Gonigle and others, 1991) .
Lateral and vertical variations in the volcanic sequence prevent establishing a single reference section, but fairly representative sections were sampled for this study. Six samples were collected from the most complete sections (samples 4-8, 11, 12; figs. 1, 2, 5, 6, 8, and 12 on plate 1 ). Partial sections of the Challis Volcanic Group in the Horse Prairie, Medicine Lodge, and Muddy Creek basins were also sampled (samples 3, 9, 10, 13; figs. I, 2, 7, 8, 9, I3, and 14 on plate I). Samples 14, 15, and 18 are from the youngest Challis tuff units in the Medicine Lodge basin (figs. 2, 9, 10, and 11 on plate 1 ). Sample I6 is from an isolated welded ash-flow tuff at the western edge of the Medicine Lodge basin (figs.1, 2, and 9 on plate 1). Sample 17 is from the volcanic ash-flow that is intercalated in the Sage Creek basin sedimentary rocks which make up part of the Red Rock Hills (figs. 1, 2, and 14 on plate 1 ). Samples I and 2 were taken from dikes in Archean gneiss of a thrust sheet in the Tendoy Mountains (figs. 1, 2, and I2 on plate 1; DuBois, 1982) .
North of the study area, along the Beaverhead Range and in the northern Horse Prairie basin, Challis Volcanic Group rocks are mostly absent or thin (Chadwick, 1981; Ruppel and others, 1993) , but the reasons for this absence were not investigated for this study.
GENERAL CHARACTER OF THE TERTIARY SEDIMENTARY SEQUENCE
Tertiary sedimentary beds in the basins were deposited in lacustrine, fan-delta, paludal, and fluvial environments. Paleontologic studies show that they range in age from Eocene to Miocene (Becker, 1969; Cavender, 1977; Dunlap 1982; Fields and others, 1985; Scholten and others 1955; Ralph Nichols, oral commun., 1991; Alan Tabrum, oral commun., 1994.) . These lithologic units show marked lateral and vertical variations, and the depictions in figure 2 (on plate 1 ) are much generalized.
Carbonate beds are locally well developed in the lower parts of the sedimentary section in the Medicine Lodge basin (M'Gonigle, 1993) . Tertiary beds in the western Horse Prairie basin, labeled Tin figure 2 (on plate 1 ), are also known to include a basal limestone (Is in unit T, fig. 3 on plate 1; Flores and M' Gonigle, 1991 ) , but otherwise, as far as we know, the Tertiary beds in the western Horse Prairie basin have not been studied or mapped in detail. Conglomerate beds in units Tml, Tmur, and Thps ( fig. 2 on plate 1) contain Proterozoic quartzite, Tertiary volcanic, and some Paleozoic rock clasts, while Archean gneissic clasts are extremely rare (M' Gonigle and others, 1991; Flores and M'Gonigle, 1991; M'Gonigle, 1994; J.W. M'Gonigle and M.H. Hait, Jr., unpub. mapping, 1991-93) . In contrast, unit Thp, which unconformably overlies unit Thps in the Horse Prairie basin, the upper parts of the Tertiary beds in the Horse Prairie basin labeled Tin figure 2 (on plate 1 ), and unit Tmc, which interfingers with the top of unit Tmu in the Medicine Lodge basin ( fig. 2 on plate 1 ), locally contain rather large amounts of Archean gneiss clasts (M'Gonigle, 1994; M'Gonigle and others, 1991) .
The upper parts of sedimentary units Tml and Tmu in figure 2 (on plate 1) have been paleontologically dated as Oligocene and Miocene in the Medicine Lodge basin on the basis of plant and fish fossils (Becker, 1969; Cavender, 1977) , and unit Thps ofthe southern Horse Prairie basin has been paleontologically dated on the basis of vertebrate fossils as Arikareean or early Miocene (Ralph Nichols, oral commun., 1991). The middle Miocene age of unit Thp has been paleontologically determined by Ralph Nichols (oral communication, 1991 ) . The upper parts of the Tertiary beds in the Horse Prairie basin labeled T on figure 2 (on plate 1) are probably middle Miocene in age, on the basis of their stratigraphic position (J.W. M' Gonigle and M.H. Hait, Jr., unpub. mapping, 1991-93) .
The principal source areas for the clasts in the conglomerate beds of units Tml, Tmur, and Thps were apparently to the south or west, where Challis Volcanic Group rocks were laid down over a basement complex of Proterozoic quartzite and Phanerozic sediments rather than over gneiss, as they were across the Maiden Peak spur and in the Tendoy Mountains ( fig. 2 on plate 1 ). It seems likely that Archean gneiss in the study area was not widely exposed to erosion from the time of deposition of the volcanic sequence until the middle Miocene and the deposition of units T, Thp, and Tmc.
These considerations, together with the correlations made during the mapping of units Tc, Tmur, and Tmu across and around the northern half of the Maiden Peak spur from the Medicine Lodge basin into the Horse Prairie basin (M'Gonigle, 1965; J.W. M'Gonigle and M.H. Hait, Jr., unpub. mapping, 1991-93 ) , imply that these two modern topographic basins were derived from the breakup of a larger depositional basin between the early and middle Miocene (Flores and M'Gonigle, 1991; M'Gonigle and others, 1990, 1991 ) . This aggregate thickness was measured on stratigraphic units exposed across the Medicine Lodge basin (map units Tml, Tmur, Tmu, and Tmc; fig 
ANALYTICAL METHODS
The samples were crushed, disaggregated in water, and wet-sieved. Feldspar and biotite crystals were hand-picked from the dried, sieved fractions of each sample, checked in index oils, cleaned, and washed. The feldspar and biotite crystals were packaged in small aluminum-foil envelopes, which were stacked in a quartz vial and irradiated along with envelopes of a neutron fluence monitor mineral in the core of the U.S. Geological Survey Training Research Isotope General Atomic (TRIGA) reactor for 50 hours, where they received an integrated fast neutron dose of approximately 3.1 x 1018 n/cm 2 . Sanidine from the Oligocene Taylor Creek Rhyolite (sample 85G003; 27.92 Ma) was used as the monitor mineral.
The 40 Arf39 Ar analyses were done using the Great Little Machine (GLM) laser system. This system consists of a continuous Ar-ion laser that has steering and focusing optics. The laser beam was used to melt the crystals, which were positioned within a small, ultra-high vacuum chamber. Zr-Al and Zr-V-Fe getters were used to remove reactive gases, and a rare-gas mass spectrometer, equipped with a Baur-Signer source and electron multiplier, was used to analyze the isotopic composition of the Ar released from the crystals. Details of the irradiation and analytical procedures as well as a description of the GLM continuous laser system are given in Dalrymple and others ( 1981 ) , Dalrymple and Duffield ( 1988) , and Dalrymple ( 1989) .
Errors given for individual analyses are estimates of the analytical precision at the 67 percent (1 sigma) confidence level. Weighted means and errors of multiple analyses, where weight is by the inverse of the variants, were calculated according to Taylor (1982) and are used here to represent the ages of the dated units.
RESULTS
The analytical data for the 18 samples are given in Table 2 . The ages calculated for the individual sanidine crystals from each sample are closely grouped, the highest and lowest values for a single sample differing by no more than 2.1 percent. Three of the sanidine crystals (sanidine 2) analyzed from sample 14 have much lower K/Ca ratios than the other eight crystals ( sanidine 1) from this sample. Two of the analyses on these three crystals also have very low contents of radiogenic 40 Ar. Based on their K/Ca ratios, we suspect that these may not have been single crystals but instead binary grains consisting of sanidine and plagioclase. Even though the weighted mean ages of sanidine 1 and sanidine 2 are nearly identical. we have elected to use the result from sanidine 1 to represent the age of sample 14.
For samples 6 and 10 we analyzed plagioclase as well as sanidine. In both instances, the apparent ages of the plagioclase crystals have a greater range of values ( 4 percent for sample 6 and 8 percent for sample 10) and significantly lower weighted means than those of the sanidine crystals. We suspect that this is due to low-temperature alteration (weathering) of the plagioclase crystals and we think that the plagioclase data do not represent the crystallization ages of the units from which they were separated. Biotite crystals were analyzed for samples 1, 2, and 9. The 40 Ar/39 Ar age of the biotite crystals analyzed in sample 9 is younger than the 4 0 Ar/3 9 Ar age of the sanidine crystals from the same sample.
Samples 1 and 2 did not contain sanidine crystals that could be analyzed for age comparison with their biotite ages. If they had contained sanidine crystals, it seems plausible to us that sanidine ages might likewise have been older than the biotite ages we obtained.
DISCUSSION
The calculated ages for the 18 samples define the interval of time represented by the volcanic sequence and the time of initiation of subsequent sedimentation in the Medicine Lodge basin ( fig. 4 on plate 1 ). The samples from the volcanic sequence show that the duration of the main volcanic activity in the area was approximately 3.7 m.y., from about 48.76 ± 0.17 Ma (sample 3) to about 45.04 ± 0.13 Ma (sample 18). These ages fall within the age range of the Eocene Challis Volcanic Group (Fisher and others, 1992; Marvin and others, 1989; Janecke and Snee, 1993) .
Previously, Scholten and others (1955) suggested that volcanic rocks in this area, which they called the Medicine Lodge Volcanics, might be correlative with the Challis Volcanic Group. Staatz (1972) mapped the volcanic rocks on the western flanks of the Horse Prairie basin as part of the Challis Volcanic Group, based on lithologic similarities with Challis volcanic rocks further west and on a potassium-argon age of about 41 Ma for a crystal tuff in the volcanic sequence (Staatz, 1979) . In an area of the Beaverhead Mountains adjoining the south border of figure 1 (on plate 1 ), Skipp ( 1984) mapped the rocks that had previously been termed the "Medicine Lodge Volcanics" by Scholten and others (1955) as part of the Challis Volcanic Group. Skipp obtained potassium-argon ages on biotite and hornblende crystals in these rocks that ranged from 51.4 ± 3.1 Ma to 47.0 ± 1.3 Ma. Our 40 Arf39 Ar ages support these earlier interpretations that the volcanic sequence in the Horse Prairie basin and the Medicine Lodge basin are correlative with the Challis Volcanic Group. We do not imply, however, that the volcanic rocks of the Horse Prairie basin and the Medicine Lodge basin necessarily originated in the main Challis volcanic centers, which are 50-70 mi (80-113 km) to the west of the study area shown in figure 1 (on plate 1). Staatz (1979, p. A 12) pointed out that the Challis Volcanic Group can be traced almost continuously from the type locality to the Lemhi Pass area, although flows and ash falls vary in detail from place to place and commonly are local in extent. Our correlation of the Challis Volcanic Group with the volcanic sequences of this study is temporal and not based on specific volcanic lithologies. The new 40 Arf3 9 Ar ages have helped confirm the mapped correlations of volcanic rocks in the general area and between the Horse Prairie and the Medicine Lodge basins.
J anecke and Snee ( 1993) found that there was a hiatus of about 1.5 m.y. during the emplacement of the Challis Volcanic Group in the Lost River and Lemhi Ranges in Idaho. The first phase of deposition, which took place about 49 to 48 Ma, was of thick andesitic and dacitic lava flows and tuff. Later deposition of rhyolitic tuff took place about 46 to 45.5 Ma. Our data show that Challis-type volcanism in the southwestern Montana study area covered a period from about 48.8 Ma (sample 3) to about 45.1 Ma (sample 18), as depicted in figure 4 (on plate 1), so the dates of volcanic activity are nearly the same as in central Idaho. The age distribution of the samples shown in figure 4 (on plate 1) might suggest a hiatus in the volcanism in southwest Montana between samples 8 and 10. However, samples gathered in this study were concentrated at the base and at the top of the Challis volcanic rock sequence and do not show whether or not volcanism was continuous throughout the time period.
MEDICINE LODGE AND HORSE PRAIRIE BASINS
The initiation of lacustrine and fluvial sedimentation in the basin that was ancestral to the Horse Prairie basin and the Medicine Lodge basin probably began during, or shortly after, the deposition of the stratigraphically highest Challis tuff beds. These tuff beds are represented by samples 12, 13, 14, 15, 16, and 18 ( figs. 2, 8, 9 , 10, and 11 on plate 1 ), and the beds have an age range of 46.04±0.15 Ma to 45.04±0.13 Ma.
The thin tuff stringer of sample 12 is interbedded with volcanic sandstone at the top of the Challis Volcanic Group on the east side of the Maiden Peak spur. The contact of the volcanic sandstone with overlying sedimentary strata of the Medicine Lodge basin is not well exposed, but the contact is probably an unconformity. In the Horse Prairie basin. the top of the tuff bed of sample 13 as well as any overlying sedimentary strata have been eroded. However, the contact of the Challis tuff beds of unit Tm It ( fig. 2 on plate 1 ) in the Medicine Lodge basin and the Tendoy Mountains is conformable with unit Tml. A limestone zone (unit Tsll, in M'Gonigle, 1993) at the base of unit Tml locally contains additional fine-grained tuff beds intercalated with carbonate and .shale beds (unit Tsll, in M'Gonigle, 1993) . This intercalation is interpreted as an interfingering of the uppermost Challis tuff beds of unit Tmlt with the lowermost Tertiary sedimentary rocks of the Medicine Lodge basin. The tuff beds of unit Tmlt are present in the northern and southern Medicine Lodge basin and were deposited on an erosion surface formed on older rocks of the Challis Volcanic Group as well as on pre-Cenozoic rocks from which any previously deposited Challis volcanic rocks had been eroded (figs. 2, 9, 10. and 11 on plate 1). Sample 16isaweldedash-flow(unitTr. fig. 9 on plate 1) that was also deposited on this erosion surface. The relatively thin(< 65 m) tuff unit Tmlt (or unit Tslt, in M'Gonigle, 1993) was apparently preserved where it was overlain by lacustrine deposits (for example, units Tsll and Tsl, figs. 9 and 10 on plate 1). We did not find other datable tuffs higher in the Tertiary sedimentary section in either the Medicine Lodge or Horse Prairie basins. Skipp ( 1984) described a biotite-rich air-fall tuff in similar Tertiary beds to the south of this study area, but this tuff has not been dated.
Paleontologic studies of plant and fish fossils have established an age range of Oligocene to Miocene for most of the lacustrine sediments in the Medicine Lodge basin (Becker, 1969; Cavender, 1977) . Our data suggest that the lowermost parts of the sedimentary sequence in the Medicine Lodge basin are as old as middle Eocene in age.
MUDDY CREEK BASIN
Paleontologic studies show that the age of most of the clastic sedimentary rocks in the Muddy Creek basin were early Chadronian (approximately late Eocene to early Oligocene), according to Dunlap (1982) , who pointed out that the undated stratigraphically lowest sediments might be slightly older. Sample 9 ( fig. 13 on plate 1 ) , is from a tuff (unit Tctb) at the base of the coarse tuff facies unit (Tct) of Dunlap (1982) . Sample 9 has a sanidine 40 Ar/39 Ar age of 4 7 .07±0.13 Ma, which is about in the middle of the Challis age ranges in the study area ( fig. 4 on plate 1 ) . The coarse tuff unit is made up of interbedded tuffs, clastic sedimentary rocks, and rare limestone and marl units (Dunlap, 1982) . The coarse tuff unit overlies a sequence of basaltic to andesitic lava flows and agglomerate, some tuff, and conglomerate containing cobble-to boulder-size, rounded to subrounded clasts of Archean gneiss, Proterozoic quartzite, and basaltic lava (S.U. Janecke, written commun., 1994; W.J. Perry and J.W. M'Gonigle, unpub. reconnaissance mapping, 1994).
We suggest that the tuffs in unit Tct and the underlying sequence of lava, agglomerate, and conglomerate represent the Challis Volcanic Group in this basin, and that most of the stratigraphically higher sedimentary units in the basin (Dunlap, 1982) (table 2 and fig. 4 on plate 1 ), and we speculate that they may have had a common source area. The micaceous clasts are similar to some of the micaceous Proterozoic quartzite units in the region, which likely made up a large part of the country rock in Idaho source area(s).
Janecke and Snee (1993) attributed a second phase of rhyolitic volcanism to eruption of the tuff of Challis Creek from the Twin Peaks caldera, and extended its distribution into the Lemhi Range. Our tuff samples 10-16 and 18 in the Medicine Lodge and Horse Prairie basins have a similar age span to that of the tuff of Challis Creek (about 46-45.5 Ma; J anecke and Snee, 1993 ), and it is possible that some of these deposits in southwestern Montana represent the tuff of Challis Creek. However, some of the Montana tuff deposits contain plagioclase and mafic minerals (samples 10 and 15, Medium-gray porphyritic rhyolitic dike in Archean gneiss adjacent to identical dike of sample 1 ( fig. 12 ). In thin section the microcrystalline matrix appears to be divitrified glass. Some feldspar phenocrysts are altered to carbonate and clay, but others are fresh. Quartz crystals are rounded and range from 0.5 to 2.3 mm in diameter; feldspar crystals range from 0. 5 to 2 mm. Biotite crystals appear fresh, and x-ray diffraction films indicate no alteration of the biotite from either sample 1 or 2
Pale-yellowish-brown welded crystal-lithic tuff Glassy matrix contains elongate 1-3 mm feathery pumice fragments, 1-cm-long, medium-dark-gray, fine-grained, micaceous quartzite clasts, and quartz and feldspar crystals as much as 1 mm in length that are commonly broken. Elongate crystals are in parallel alignment. The tuff is at the base of the basaltic-andesitic lava flow sequence of the Challis Volcanic Group (figs. 2 and 7), exposed in the eastern part of the Horse Prairie basin.
Medium-gray to pale-yellowish-brown faintly laminated rhyolite or welded ash flow that contains scattered potassium feldspar and quartz crystals as much as 1-2 mm in diameter, and rare small hornblende and magnetite phenocrysts in a glassy matrix that is in part devitrified. The laminations are wavy, 0.1-2 mm wide, within bands that are 2.5-3 em thick. They probably represent flow banding, which is better developed in an exposure 1,200 m to the north. The rhyolite forms a tabular to dome-shaped mass on the Archean gneiss of the Maiden Peak spur. The rhyolite is at the base ofthe 1,300-m-thick basaltic-andesitic fig. 2 ; unit Tcvt, fig. 12 ).
Same unit as that of sample 6; located 1,616 m to the south ( fig. 12 ). The sample is from the tuff at the contact with Archean gneiss of the same thrust plate. The very light yellowish gray lithic tuff contains rounded clasts of dark-gray phyllite and dark-gray, fine-grained quartzite clasts in a micaceous matrix; clasts commonly 2-5 mm long, but ranging to as much as 3 em long. Pumaceous clasts in the tuff are commonly 1-2 mm in length. Broken quartz and potassium feldspar crystals as large as 0. 5 mm are common. The glass matrix is brownish in plain light and is slightly devitrified. Bedding in the tuff is generally about 10-20 em thick. At this location the tuff unit is 300-400 m thick, but it appears to be considerably thinner near sample locality 6. At both sample localities the tuff is overlain by as much as 500 m of basaltic to andesitic flows and cinder beds, which in turn are overlain by tuffbeds of unit Tmlt and lower Tertiary strata of unit Tml ( fig. 2 ). Units Tc, Tmlt, and Tml (fig. 2) ; units Tcvt. Tcvb, Tslt, and Tsl (fig. 12 ) are tilted eastward in this area. Light-yellowish-gray, fine-grained, weathered crystal-lithic tuff containing about 40 percent broken crystals of quartz, sanidine, and plagioclase that are as large as 0.5 mm in diameter, as well as a few percent biotite crystals 1-2 mm in width and numerous pumice clasts, some of which are 4 mm long. The glassy matrix shows faint relict shard structure and some clay (?) veinlets and drapes around phenocrysts and rock clasts. The tuff is at the top of a 700-m-thick volcanic sequence of andesite-basalt flows and tuff (units Tcv and Tcvt, fig. 9 ). Disconformably overlain by similar younger tuff( fig. 9 , unit Tslt, sample 15) at the base of the Tertiary lacustrine and fluvial sediments (units Tsll and Tsl, fig. 9 ) in the western Medicine Lodge basin.
Slightly devitrified light-gray rhyolitic welded ash-flow tuff. The ash-flow tuff contains potassium feldspar and quartz crystals 1-5 mm in length. The sample appears to be from the "basalt-rhyodacite sequence" of Staatz (1972) (unit Tcb, fig. 6 ) and is here overlain by Tertiary lacustrine limestonechert beds along the western border of the Horse Prairie basin (lower beds of unit T, figs. 2 and 3; unit Tis, fig. 6 ). fig. 8 ) that are stratigraphically above the main andesitic-basaltic flows of the Challis Volcanic Group (unit Tcv, fig. 8 ; unit Tc, fig. 2 ) of the western Medicine Lodge basin. The volcanic sandstone beds are unconformably overlain by the Tertiary sedimentary sequence (units Tsl and Tc, fig. 8 ).
Light-gray rhyolitic ash-flow tuff has a mostly devitrified fine-grained matrix that shows relict shard structure and contains 0. 1-1.2 em tuff clasts. Contains about 5-10 percent quartz and potassium feldspar crystals, some of which are broken. The ash flow is at the top of the Challis Volcanic Group (unit Tmc, fig. 2 ; unit Tcv, fig. 8 ) on the east side of the Horse Prairie basin. Top of tuff eroded.
Light-gray to very pale orange crystal-lithic tuff containing broken and whole, 1-2-mm-long quartz and potassium feldspar crystals and 1-3 mm pumice fragments in a glass matrix composed primarily of glass shards. The tuff (unit Tmlt, fig. 2 ; unit Tslt, fig.11 ) is at the base of the Medicine Lodge basin Tertiary sedimentary sequence (unit Tsl, fig.  11 ) in a fault block in the Tendoy Mountains ( fig. 2 ).
Light -yellowish-gray, fine-grained, crystal-lithic tuff Overlies and is similar to tuff of sample 10, except crystals are generally smaller and make up only about 10 percent of the rock, and the rock appears less weathered. The glass matrix shows some relict shard structure and contains broken crystals of quartz, sanidine, plagioclase, biotite, and pumice fragments 1 mm and larger in diameter. The tuff (unit Tmlt, fig. 2 ; unit Tslt, fig. 9 ) is at the base of the Tertiary sediments in the western Medicine Lodge basin (figs. 2 and 9). Brownish-light-gray rhyolitic welded ash-flow tuff The aphanitic glass groundmass shows some faint relict shard structures and contains generally broken 1-2 mm quartz and potassium feldspar crystals, scattered 1-2 mm pumice fragments, and rare 1 em quartzite clasts. In hand specimen some of the sanidine crystals look bluish to opalescent, and a few 2-10 mm elongate cavities can be seen. The ash-flow tuff(unit Tr, fig. 9 ) was deposited on Archean gneiss from which any older rocks of the Challis Volcanic Group had been eroded. This exposure is in the western Medicine Lodge basin, just west of the present outcrops of the Challis tuff unit Tmlt ( fig. 2 ; unit Tslt, fig. 9 ) and the Tertiary sedimentary sequence.
Very light gray to yellowish-gray crystal tuff from the volcanic rocks at Hall Creek, in the Sage Creek basin (fig. 14; unit Ths, fig. 2 ). The tuff contains rounded pumice fragments as large as 2 mm in diameter, and scattered small broken crystals of quartz, feldspar, and biotite. Interstitial spaces are filled with calcite cement, which also appears to have replaced some of the glassy matrix of the tuff Very light gray to yellowish-gray lithic tuff(unit Tmlt, fig.  2 ; unit Tslt, fig. 1 0) , which was deposited on Proterozoic rocks. The glass matrix shows some relict shard structures and contains scattered feldspar and quartz crystals that average about 0.1 mm in length, 0.5 mm biotite crystals, and small 0.04-2.3 mm pumice fragments. The tuff unit is conformably overlain by limestone (unit Tsll, fig. 1 0) at the base of the sedimentary section in the Medicine Lodge basin. 
